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Benthic Macroinvertebrate Communities
in the Elwha River Basin, 1994-95

By M. D. Munn, M. L. McHenry, and V. Sampson

ABSTRACT

Benthic macroinvertebrates were collected in
1994-95 from 26 sites representing four habitat types in
the Elwha River Basin to document benthic community
structure and to assess the communities in relation to the
two hydroelectric dams on the Elwha River. This informa-
tion will provide a baseline for monitoring changes in the
benthic communities that may occur in relation to land use
activities and the potential removal of the dams. Our
analysis of benthic macroinvertebrate communities in this
basin generally indicated good water quality and habitat
conditions. Communities were diverse and included
numerous taxa classified as sensitive to environmental
disturbance. The exception to this finding was in the regu-
lated reach of the Elwha River below the two dams where
there was a higher total density of macroinvertebrates due
to an increase in midges (Diptera: Chironomidae) and a
reduction in mayfly (Ephemeroptera) densities. Macroin-
vertebrate communities downstream of hydroelectric dams
usually differ from communities in free-flowing rivers; the
differences vary depending on the design and management
of the hydroelectric facility. Although this study was not
designed to determine which environmental factors most
influenced the biological communities, we noted several
environmental differences between the regulated reach
and the upstream free-flowing reach. For example,
because the dams act as sediment sinks, the median
substrate size has increased in the regulated reach. In
addition, the near-surface release of water from the two
reservoirs has also altered the thermal regime and likely
the food resources for benthic macroinvertebrates.

A secondary objective of this study was to assess the
adequacy of the present sampling program and make
suggestions for future assessments. Our findings demon-
strated that the number of samples collected was sufficient
to characterize the present communities and to satisfy the
study objectives. For future monitoring, fewer benthic
samples from each site may provide enough information
and reduce the overall cost. Benthic macroinvertebrate
communities need to be included in any long-term assess-
ment of the Elwha River Basin because these communities
integrate a wide range of physical and chemical distur-
bances and therefore reflect the overall health of the
stream systems. These macroinvertebrates are also a key
food resource to many species of fish, including some
species of juvenile salmon prior to outmigration.

INTRODUCTION

The formerly free-flowing Elwha River was famous
for the diversity and size of its salmon runs; it produced an
estimated 380,000 migrating salmon and trout and
supported 10 runs of anadromous salmonids, including
chinook that exceeded 100 pounds (National Park Service,
1996). After the construction of the Elwha Dam (1912)
and the Glines Canyon Dam (1927), more than 70 miles of
mainstem river and tributary habitat were lost to anadro-
mous fish production. This loss resulted in a precipitous
decline in the native populations of all 10 runs of Elwha
salmon and sea-going trout. Sockeye (Oncorhynchus
nerka), pink salmon (Oncorhynchus gorbuscha) and
spring chinook (Oncorhynchus tshawytscha) are now



extinct in the river. Chum salmon (Oncorhynchus keta)
are down to less than 300 fish per year; steelhead (Salmo
gairdneri), coho (Oncorhynchus kisutch), and summer
chinook (Oncorhynchus tshawytscha) are presently
maintained through hatchery supplementation.

In addition, the dams have altered the ecosystem in
several other ways. The normal transport of sediments has
been interrupted because the reservoirs effectively act as
sinks; as a result, the substrate downstream of the dams
gradually coarsened. The release of water from the
surface of the reservoirs has increased the water tempera-
ture, which is known to affect biological communities;
peak summer temperatures downstream of the Elwha Dam
have been measured at nearly 70°F. The high tempera-
tures are exacerbated by the industrial water withdrawal at
river mile 2.9. Elevated water temperatures, particularly
during low snowpack years, are associated with outbreaks
of a protozoan gill parasite (Dermocystidium) that is asso-
ciated with fall chinook mortality. The loss of salmon to
the Elwha River has also substantially reduced nutrient
loading to the spawning grounds due to a lack of car-
casses. This loss of the historical nutrient contribution
from migrating salmon suggests that the biological
communities in the waters upstream of the dams may
differ from those that existed prior to the construction of
the dams.

In response to the loss of the salmon runs in the
Elwha River Basin, President Bush signed the Elwha
River Restoration Act in 1992, which began the process of
assessing the feasibility of restoring the Elwha River
ecosystem. The Elwha Fisheries Technical Group was
formed to determine what studies were needed for the
Environmental Impact Statement (EIS) and the planning
phase of the restoration effort, and for establishing base-
line conditions of the watershed prior to restoration, The
Lower Elwha Klallam Tribe was asked to assess the
aquatic macroinvertebrate communities of the Elwha
River. Benthic macroinvertebrates are commonly
assessed in environmental studies because they show
cumulative effects of present and past conditions, they
have low mobility, and their ecological relationships are
relatively well understood (Wilhm, 1975; Herricks and
Cairns, 1982). In addition, sampling procedures are
relatively well developed and a single sampling technique
collects a considerable number of species from a wide
range of phyla (Mason, 1981).

This macroinvertebrate assessment is essential for
the EIS process because it will form the basis for a long-
term evaluation of the ecological effects of dam removal
and subsequent recovery of biological communities. The

primary objective of this study was to document benthic
macroinvertebrate community structure in the Elwha
River Basin. Site locations permitted an assessment of
communities upstream, between, and downstreamn of the
two mainstem dams. A secondary objective was to deter-
mine whether the sampling program was adequate for
assessing communities and whether there should be
changes in future sampling programs.

DESCRIPTION OF STUDY AREA

The Elwha River, the fourth largest river on the
Olympic Peninsula, is 45 miles long with 100 miles of
tributary streams. It drains a 321 mi? area, 83 percent of
which is located within the Olympic National Park. The
river flows in a northward direction and enters the Strait of
Juan de Fuca S miles west of Port Angeles, a community
of approximately 17,000 people (fig. 1).

Elwha Dam (river mile 4.9) was constructed in 1912
creating Lake Aldwell, a reservoir 2.8 miles long with
8,100 acre feet of water storage. Glines Canyon Dam was
completed in 1927 at river mile 8.5; this dam created Lake
Mills, which is 2.5 miles long and has a storage capacity
of 40,000 acre feet. The two dams were installed without
fish passage facilities. Both dams are classified as run-of-
the-river systems with water released near the surface;
both systems produce hydroelectric power. Because the
Elwha River is a glacial system, streamflows have a bimo-
dal discharge pattern: discharge peaks during winter due
to winter freshets and again at a lower level in summer
from snowmelt (fig. 2). Average monthly flows are high-
est in early summer; average daily flows are highest in
winter.

A comparison of flow and thermal regimes in the
nonregulated and regulated reaches reveals that flow
regimes are not exceptionally different (fig. 2), probably
because the river is managed as a run-of-the-river system.
However, thermal regimes do differ. Above the dams,
water temperatures exhibit the wide fluctuations that are
normal in free-flowing rivers. These fluctuations are lack-
ing in the regulated reaches between and below the dams;
in addition, maximum water temperatures during the
summer tend to be higher (fig. 3).

Sediments in the Elwha River Basin are dominated
by glacial deposits and recent alluvium. Glacial deposits
range from clay to boulders and provide much of the mate-
rial available for transport by the Eiwha River and its
tributaries. River alluvium deposited since the retreat of
the glacier typically consists of sandy gravel, cobbles, and
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Figure 3.--Annual thermal regimes for three sites on the Elwha River,
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boulders. Sediment eroded from the valley walls is trans-
ported by the Elwha River and tributaries. Lower and
middle reaches have substantially coarsened since the
construction of the dams and the subsequent cessation of
sediment transport. If the two dams are removed, a
portion of the trapped sediment, estimated at approxi-
mately 14.3 million cubic yards (National Park Service,
1996), would be released to the downstream reach of the
Elwha River. The release of sediment to the lower reach
will alter habitat and the biological communities.

METHODS

The habitat stratification system developed for the
South Fork Hoh River (Sedell and others, 1982) was used
to establish sampling sites for this study. Sedell and others
(1982) used this habitat classification system for exam-
ining fish species composition, density, and total fish
biomass. Four habitat types were identified: mainstem
(MS), mainstem side-channel (SC), valley tributary (VT),
and terrace tributary (TT). The rationale for using these
habitat types was that each has different physical proper-
ties which influence specific species of salmonids in
various ways. We established 26 sampling sites in the
Elwha River Basin, including sites from each of the four
habitat categories. Table 1 lists the sites and their respec-
tive habitat categories. Figure 1 shows the location of the
various sites within the basin. Because of the seasonal
discharge regime, sampling was conducted in late July and
early August in both 1994 and 1995.

Sample Collection

Benthic macroinvertebrate samples were collected
using a modified Hess sampler equipped with a 250 pm
net. Five to 10 replicate samples were collected at each
site; the number of replicates depended on the size and
complexity of the site. Benthic samples in the valley
tributaries, terrace tributaries, and side-channels were
collected among several riffles, but because of the size of
the mainstem sites, all benthic samples in this habitat
category were collected from a single large riffle along the
margin of the river. Individual samples were preserved in
plastic containers using 70 percent ethanol.

Processing samples in the laboratory included clean-
ing (separating organic and inorganic debris), sorting
macroinvertebrates from the sample, and identification to
the lowest practical taxon. This procedure generally

resulted in genus/species level identification for many of
the mayflies, stoneflies, and caddisflies, while more
difficult groups, like the midges and aquatic worms, were
identified to higher taxonomic levels. Macroinvertebrates
were identified using Merritt and Cummins (1984),
Wiggins (1976), and Edmunds and others (1978).

Data Analysis

Benthi i I i C

For the primary objective of documenting commu-
nity structure, benthic communities were analyzed using
five community metrics: total density (individuals/m?),
richness, EPT taxa (Ephemeroptera, Plecoptera, and
Trichoptera), percent dominant taxa, and number of intol-
erant taxa. Communities also were assessed in relation to
the dominance of the major orders of insects. Community
metrics used in this study are defined below:

Total Density: Total density is the total number of
individuals collected per m?. Densities are highly
variable due to the combination of natural variability
and sampling methods; therefore, total densities
among sites or basins should be compared using
caution.

Richness: This is the total number of taxa collected at
a site. The most basic measure of community
diversity, richness is considered one of the best
measurements available for assessing the health of a
benthic community. Streams with a diverse physical
habitat and high water/sediment quality tend to have a
large number of taxa.

EPT Index: This is the total number of distinct taxa
within the aquatic insect orders Ephemeroptera
(mayflies), Plecoptera (stoneflies), and Trichoptera
(caddisflies). These groups are generally considered
intolerant of physical and/or chemical stressors, and
therefore their presence indicates good environmental
quality.

Percent Dominant Taxa (3): This index is based on

selecting the three taxa from a site that are the most
abundant, and determining their combined percentage
of the total community; this percentage is an indicator
of environmental stress. A community with an even
distribution of taxa generally indicates high water
quality. ‘
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Number of Intolerant Taxa: This is the number of
macroinvertebrate taxa considered intolerant to
physical or chemical disturbance. There are several
different published lists of taxa and tolerance values,
each using a slightly different scale or rationale for
assigning specific values. We relied on the category
summarized by Wisseman (1996), which is based on
published rankings using organisms from the Pacific
Northwest. In general, the more intolerant taxa found
at a particular site, the better the quality of the system.
Many of the invertebrates in this group are also in the
EPT group.

We compared the benthic macroinvertebrate com-
munity metrics among the four habitat categories (one
site per habitat category) using analysis of variance
(ANOVA; P=0.05), with LSMEANS used for multiple
comparisons. Pearson correlation was used to determine if
any of the community metrics were correlated with stream
order or elevation. The differences in the benthic macro-
invertebrate communities upstream and downstream of the
dams were also examined using some of the same com-
munity metrics.

Influence of Sample Size

To assess the effect of sample size, a single site was
randomly selected from each of the four habitat categories.
We calculated average community metrics (+2SE) for a
randomly selected set of samples from each site; com-
munity metrics included total density, richness, EPT,
dominant taxa, and the number of intolerant taxa. Average
metrics were calculated for one sample up to the maxi-
mum number collected and plotted to show the change in
values as sample size increased. This analysis provides
information on whether increasing the number of replicate
samples changes the average value and variance for a
particular metric. Because average values are used to
compare sites or the same site over time, it is important to
know whether sample size influences mean values. It is
also important to know whether variance is consistently
decreasing as sample size increases or is leveling off at a
particular sample size.

Because many of the metrics used to assess benthic
invertebrate communities are based upon combining
samples from a single site (pooled data), we assessed the
influence of increasing numbers of samples in a composite
on the individual metric values. Using composite (pooled)
data is important because many of the metrics, such as
richness, increase with additional samples due to the
continual addition of rare taxa. In this report, all

community metrics, with the exception of total density, are
calculated using composite (pooled) data unless otherwise
noted.

RESULTS

Benthic Macroinvertebrate Community
Structure

The benthic macroinvertebrate communities in the
Elwha River Basin are similar to those of many western
glacial-fed river systems. In our study, the communities
were dominated by four aquatic insect groups; mayflies
(Ephemeroptera), stoneflies (Plecoptera), caddisflies
(Trichoptera), and true-flies (Diptera). Other aquatic
insect groups collected were aquatic beetles (Coleoptera)
and alderflies (Megaloptera). Noninsect groups included
aquatic worms (Oligochaeta), snails (Gastropoda), clams
(Pelecypoda), leeches (Hirudinea), and water mites
(Hydracarina). Overall, between 20 and 30 taxa were
collected at each site; 40 to 70 percent of the taxa were in
the EPT group (Ephemeroptera, Plecoptera, and Tri-
choptera). Although the dominance of the EPT taxa is
partially a function of the level of taxonomy used in the
assessment, it is a common finding in rivers with high
water quality and habitat conditions. In addition to com-
posing a large percentage of the number of taxa collected,
the EPT taxa also composed a substantial percentage of
the overall density of the communities. Diptera, particu-
larly the chironomid midges (Chironomidae) and aquatic
worms (Oligochaetea), were also found in high density,
depending on the site (table 2).

There are various ways to assess benthic communi-
ties in a large river system like the Elwha. The a priori
decision to collect benthic data from four river habitat
types (terrace tributary, valley tributary, side-channel, and
mainstem) was based on the premise that the unique char-
acteristics of each habitat may be reflected in different
benthic macroinvertebrate communities. The differences
in the stream habitats would include environmental
variables such as gradient, substrate, cover, and food. We
grouped the benthic macroinvertebrate data by these four
habitat categories and plotted the mean (+2SE) for five
community metrics (fig. 4). We found no statistically
significant differences (ANOVA, P<0.05) among the four
habitat categories for any of the community metrics with
the exception of total density. Total density (individ-
uals/mz) was significantly different (P<0.05) among the
four habitat categories (ANOVA, Fj 3,=3.25, P=0.04);



70 el €0 €€ 879 12! 0T TESTT  SHEY'T SW osTEIY @ 19ATY BYMIH L1
Tl 9¢ 0 €€l v'6L 6 (44 Y8 0SSLT S WOUN[H@ JoATY eyMIq 91
uiqe)
6T 0'6 g0 9'61 1'89 €1 74 L'68T'1  THOE'E S SUBWANY @ JOATY BUMTH St
Tt 6'6 It 9Tl TEL €l 1T LELS'T  LEET'E S soAeH mopq loaRy eymig vl
€Ll 0'8 Ly 9'¢ v'v9 L1 LT TOVL  6168°1 LA 10ATY [NVT H104 YInog €1
089 99 Lot 1ot Ly (4! 0T €690'T L'LOI'T LA 1odd) ¥ea1D ueIpyY (4!
I'ee Iy %41 6'61 9'8C €1 1z 6¥v6  T060'C LA MA@ 021D uerpu] 1
€LL 9¢ Sy Le oLl Sl €T 9'LTYT 6586 LA PIPI® 001D UeIpu] ot
661 9'€l 69 6'€l €6V 1T 0¢ T6ST'lT  P1€9T IA a3pug@ ¥ee1D uerpuj 6
601 1l 9y L1l L'09 1z 0¢ I6vL  ¥'S91C LA ¥o21D JUD 8
£ I'6 9'¢ 8y T6L <1 9 09911  §0TLC LA 1oATy ST L
6 $'69 vl £y 007 61 9 009T'1  T'60EY LA ¥921D 10pinog 9
9'8 v'8L 80 99 9G L1 Lz £6LS'T  0'€T8Y LA ¥o21D 3D S
70 66T 6'€ 1'vC 6'1¥ 1 s1 STIE  L'8T6 LA 001D Buoy 14
L'EE 9 8y 0 0°0S 144 0¢ LYY9 61651 LA oAy UOH[I] €
Sel 0¥l e SLT 91y 81 9 8P9S  SSIET LA 10Ty 15071 z
JOATY
(44! 6'8 6T 81E Ty vl Sz YTY81  9Eb9‘e LA BYMIT AQe JoATY SaAeH 1
ity | e | svopeo |yt | apiy | 148 | sewen | as | T | SO0 a1s o

‘WR)SUIBW=CJA {[PUURYD-IPIS WRISUlRW=))G {AIeInqL1) PDEIII=] ], {A1einqLn
AJMIeA=T A ‘S66T-P66T ‘UISeq JI2ANY BYM|H AY) Ul SOLYIW AJIUNWIOD BIGIIIFAUIOIIBW DIYIUIQ Jo Axewmng :7 dqe],

10



K1oyoreH 1S

eel 9'Sy SL (41! 9! 91 9 TC6S 66yl oS 129 "D'S™Y 19ATY BYMH 9t
144 '8 1z 81 LL 14! (44 LI9L'T  1TTH0'S SN JO0Y @ JoAry ByYMig 154
RO A1eyojey
911 0'sC 14 vt $8¢ 81 Lz £'808 96LE oS OSY BUM[H om0 144
uots
'l 1'9L I'e 6T ¥01 14! 1 X4 SYIs'T  gevv'y SN -ISAL(J SA0QE JATY BUMTH 154
punogdue)
9¢ 8°0¢ Lo 1343 ¢'8¢C 4! [44 S'E6S 1°$v0°T oS £qD$Y 19ATY BUMIH PIN [44
ANV O
01 6'6¢ 3 134! 19 47 61 8¢ (47239 L'6T8T SN JOATY BUMIH PIN 1T
‘qQUT "HRL
9'¢t el '8 9'¢€T 9'te 141 134 8°L6S 1'85¢°1 LL punoigdure)) 10y BYMIY 0T
punoid
6°1¢ L'€T 9t 8°CC 6Ll 61 0€ £'ShL 8TEE'T LL ~dwe) ddiL@ "quL 3L 61
[ouuey’
7T 01 90 §Te Y9 ST 194 'Lvy L'SLST S apIs W3y Youey sowiny 81
(%) (%) (%) (%) (%) (W/ON) | Ao3s1eD .
12YI0 eoydiq | ApsippeD | Agouolg | ApAen Ldd SsougRry as Knsuag 1|IqeH AN °N

‘WIPSUIBW=GA] {[UULYDI-IPIS WI)SUIBUI=))S $LIBINQLI) DLIIN=], ], ‘A1eInqLy)
A3[[BA=T A "S661-P66T ‘UISEg JIAR] BYM[F IY) Ul SILNUW A)UNWUI0D )BIGINIIAUIOIIEW IIYIUIQ JO AIeunung :7 d[qeL,

11



4500
4000~

3500 |-
3000
2500

2000
15001
1000

500

DENSITY (INDIVIDUALS/M?)

SC

MS

2
w 201
-
I
S 15f
o
10
sk
0 ™ v sC MS
25
20}
E 15‘ + +
w
10}
5-
0 ™ T sC MS
10
< gf
%
-
g 6— L ]
g
a
e +
Z
2_
0 ™ VT sC MS
<%
X 8or +
C oo +
Z 6o
4
S sof
3
a8 of
5 ok
Z 30
2 20t
w
a 1of
0 T VT sC MS
HABITAT CATEGORIES

Figure 4. Five benthic macroinvertebrate community metrics grouped by four
stream habitat categories: temrace tributary (TT), valley tributary (VT), side-channel
(SC), and mainstem (MS). Data are presented as x+2 SE.

12




multiple comparisons indicated that mean total density
was significantly lower in the SC habitat than in either the
MS habitat (LSMEANS, P=0.008) or the VT habitat
(LSMEANS, P=0.039). Mean density ranged from

1,664 individuals/m? in the SC habitat to 3,377 individ-
uals/m? in the MS habitat. Average richness and EPT taxa
were very similar among the four habitat categories with
only a slight decrease from the TT to the MS habitats.
Average total taxa ranged from 23 to 26 and average EPT
taxa from 14 to 16, indicating that all four habitats provide
similar environmental conditions, including physical and
chemical habitat, for sustaining a relatively diverse com-
munity. There were more intolerant taxa associated with
the TT and VT habitats when compared with the SC and
MS habitats; percent dominant taxa was greatest in the MS
habitat and lowest in the TT habitat.

The composition of benthic macroinvertebrate com-
munities was not significantly different among the four
habitat categories, indicating that the organization of these
communities may be based on more site-specific habitat
features. For example, communities can show a response
to stream order or elevation. We used Pearson correlations
to determine if either stream order or elevation was cor-
related with total density, richness, EPT taxa, intolerant
taxa, or percent dominant taxa. Results indicated a signif-
icant negative correlation (P<0.05) between stream order
and EPT taxa (r= -0.45) and number of intolerant taxa
(r=-0.47); elevation had a positive correlation with the
number of intolerant taxa (r= 0.54). Stream order and
elevation were not correlated with each other (P > 0.05).

The two dams are likely the dominant site-specific
factors influencing benthic macroinvertebrate commun-
ities in the mainstem of the Elwha River. A common
method of assessing the effects of hydroelectric dams on
communities is to plot community metrics as a function of
longitudinal position along the mainstem of the river from
headwaters downstream. These graphs will show natural
changes in specific metrics along a river, and whether the
location of a dam results in a shift in community structure.
Figure 5 shows that communities in the nonregulated
reach above Glines Canyon Dam (sites 1 and 14-17, figs. S
and 6) are relatively similar in total density, richness, EPT
taxa, and percent dominant taxa. There was a general
decline in intolerant taxa in the nonregulated reach from
the headwaters downstream. The benthic macroinverte-
brate community directly below Glines Canyon Dam (site
21 in fig. 5) had a slight increase in taxa richness and EPT
taxa, and a slight decrease in intolerant taxa. Although the
number of EPT taxa changed little below the two dams,
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the percent contribution of the EPT taxa to the community
changed greatly. For example, above the dams the EPT
taxa composed between 79 and 93 percent of the com-
munity in total numbers of individuals, whereas below the
Glines Canyon Dam the percent decreased to 59 percent,
and then dropped to 22 and 12 percent below the Elwha
Dam. This overall change can be seen in figure 6. The
benthic macroinvertebrate community below the Glines
Canyon Dam (site 21) showed an increase in the density of
chironomid midges (Diptera) and a decrease in the density
of mayflies (Ephemeroptera). The other taxonomic groups
varied slightly; however, there were no major shifts in
their relative densities.

The benthic macroinvertebrate communities down-
stream of the Elwha Dam (sites 23 and 25) showed a
stronger response to the dam than did the communities
downstream of the Glines Canyon Dam. Total density
increased below the Elwha Dam; both total taxa richness
and EPT returned to levels similar to those found upstream
of Glines Canyon Dam. The most pronounced change was
a shift in the densities of specific taxonomic groups.
Downstream of the dams, particularly the Elwha Dam, the
communities were numerically dominated by chironomid
midges (>75 percent); mayflies (Ephemeroptera) com-
posed a smaller percentage (10 percent). Other differ-
ences included a decrease in stoneflies (Plecoptera)
and a slight increase in the filter-feeding caddisflies
(Trichoptera).

Influence of Sample Size

A secondary objective in our study was to determine
whether the number of samples collected in this study was
adequate for assessing communities and to make sugges-
tions for future monitoring. To answer the first part of this
question, we randomly selected 